T HE ABILITY OF TRAINED MUSCLE t0 Sustain activity longer than untrained muscle is unquestioned. The physically trained person is able to perform a fixed work load with less oxygen debt and lower blood lactate levels than the untrained (6, 7). These observations suggest that physical training induces adaptive changes in muscle which alter its energy substrate during exercise (4). Animal studies on the effect of training and exercise have yielded variable results which may have depended on diet, size of work load, duration of training, duration of exercise, or species of animal trained. To limit these problems we have studied human volunteers who trained the quadriceps muscles of one thigh by daily isotonic exercise, the opposite leg serving as an untrained control. At the end of the training period the vastus lateralis of both control and trained legs was biopsied under local anesthesia and metabolic alterations induced by physical conditioning were measured.
METHODS
Ten male prison volunteers ranging in age from 22 to 44 years were subjects for this study. 2) 600 X g; 20 min-cell fragments, myofibrils, and nuclei; 3) 26,000 X g; 7 min-mitochondria; 4) 60,000 X g; 60 minmicrosomes;
and 5) 60,000 X g-supernatant. The composition of the fractions was confirmed by light and electron microscopy.
All fractions were extracted three times with chloroform-methanol by the method described above so that comparisons could be made with whole muscle homogenate values in our study. The extraction method of Marinetti et al. ( 14) was not followed.
RESULTS
Considerable variation between subjects was noted in almost all determinations.
Particularly striking were the variations between individuals in muscle water (Table l) , total phospholipid, and triglyceride content (Table  2 ). Since we have used paired samples from the same individual in this study, the normal variation in composition is partially compensated. in Table 2 , however, ( 14) showed that the phosphatidyl choline-to-cholesterol ratio of pig heart mitochondria is high as compared with other cell fractions. We prepared muscle subcellular fractions from three subjects so that we might compare our results with those of Marinetti et al. In accord with this latter data, our fractions composed predominantly of mitochondria also showed a higher phosphatidyl choline-to-cholesterol ratio than either whole homogenate or other subcellular fractions. We have, therefore, interpreted the changes in phosphatidyl choline and cholesterol as consistent with the hypothesis that an increase in number or size of mitochondria occurred in response to physical training. A reduction in cholesterol would not be expected on the basis of mitochondrial proliferation alone, but might be did not decrease cellular triglyceride levels in monkeys; however, it is possible that the failure of triglycerides to fall with acute exercise may have been due to relatively low levels of triglycerides in the untrained monkeys (3.2 A 0.61 pmoles/g wet weight). We also found low levels of triglycerides (2.5-4.2 pmoles/g wet weight)
in 5 of 10 control (untrained) muscle biopsies. Calculation of the energy available from cLendogenous" lipid stores indicates that the trained muscle acquired an average 3.6 cal/ 100 g wet weight addition to stores which ranged from 0.2 to 27/cal per 100 g wet weight in the control, untrained muscle, The data in the present study show a wide range of values for Yntracellular" triglycerides in both the control and trained muscles. So great is this variation that interpretation of the results is hazardous; however, all subjects studied showed a net increase in triglyceride in the trained muscle as compared to the control. We emphasize that apparent alterations in intracellular triglyceride stores may be due to contamination by adipose tissue incompletely removed in spite of our best efforts.
The concentrations of human muscle free fatty acids reported here are significantly greater than those found in rats by other investigators.
In rat muscle we also have found lower levels of free fatty acids, comparable to those reported by Masoro ( 15) and by Garland and Randle (8). it appears then that this difference in fatty acid levels may be due to the difference in species.
